modification with diet and exercise remains one of the most important interventions in treating dyslipidemia. However, patients at higher risk for ASCVD events may require pharmacotherapy. For the treatment of elevated blood cholesterol levels, statins are the most established and cost-effective therapy in both secondary and primary prevention patients. With 28 large randomized controlled trials and their meta-analyses, the evidence supporting statins as the first-line cholesterol-lowering agent for ASCVD risk reduction is iron clad. [2] [3] [4] However, although statins are generally well tolerated, some patients have adverse effects to therapy and others do not respond fully. 5 The most common statin-associated adverse effect is musculoskeletal symptoms, which may range from mild (aches) to severe (rhabdomyolysis). Potential risk factors for statin-associated muscle symptoms include advanced age, high physical activity, drugs affecting statin metabolism, renal insufficiency, heavy alcohol consumption, and genetic predisposition. More important, statin-associated muscle symptoms are the most frequent adverse effects leading to statin nonadherence and discontinuation. 6 In patients who cannot tolerate their current statin regimen, strategies include either adjusting dosages, frequency, or type of statins, with or without the addition of nonstatin agents, or transitioning to nonstatin agents altogether. Fortunately, the arsenal of nonstatin therapy at a clinician's disposal has expanded in recent years. Ezetimibe and PCSK9 (proprotein convertase subtilisin/kexin type 9) serine protease inhibitors have been validated in large randomized controlled trials to lower LDL-C and also lower ASCVD events. [7] [8] [9] Although these trials were all conducted on a background of statin therapy, their efficacy in patients who cannot take fulldose statins may be cautiously extrapolated. At the same time, both ezetimibe and PCSK9 inhibitors are relatively well tolerated, supporting these agents over older medications, such as bile acid-binding resins (Figure) . Yet, both ezetimibe and PCSK9 inhibitors have their limitations. Ezetimibe has modest LDL-C-lowering efficacy in the range of 13% to 20%. 4 PCSK9 inhibitors have more robust LDL-C-lowering effects (43%-64%), but they are administered as an injection, have not been studied for long-term safety and efficacy, and, at their current prices, may not be cost-effective. 4 Bempedoic Acid: What We Know It is this gap that bempedoic acid hopes to bridge. Bempedoic acid is an oral medication that targets ATP citrate lyase. ATP citrate lyase acts upstream of hydroxymethylglutaryl-coenzyme A reductase, catalyzing the production of acetyl coenzyme A, the precursor of the mevalonate pathway of cholesterol synthesis. 10 Like statins, the downstream effects of bempedoic acid are the upregulation of LDL receptors and increased uptake of circulating LDL particles. However, unlike statins, bempedoic acid is a prodrug and converted in the liver by long-chain acylcoenzyme A synthetase 1. As this form of acyl-coenzyme A synthetase is predominantly hepatic and not expressed in skeletal muscle, it is thought that the active drug is localized to the liver, with fewer effects on the musculoskeletal system. Earlier-phase randomized controlled trials of bempedoic acid demonstrated a dose-dependent lowering of LDL-C as well as lowering of LDL particle number, apolipoprotein B, non-high-density lipoprotein cholesterol, and high-sensitivity C-reactive protein. 11, 12 In the completed phase 3 trial, CLEAR (Cholesterol Lowering via Bempedoic Acid and ACL-Inhibiting Regimen) Tranquility, bempedoic acid, 180 mg/d, when added to ezetimibe, reduced LDL-C by 28.5% compared with ezetimibe alone and was overall well tolerated. 13 Meanwhile, the phase 3 safety trial, CLEAR Harmony, showed no significant differences between treatment arm and placebo with respect to any adverse events and serious adverse events after 52 weeks, when added to a background of maximally tolerated statin therapy; however, adverse events leading to discontinuation were higher in the treatment arm (10.9% versus 7.1%; P=0.005). There were no significant differences in cardiovascular events or mortality reported between treatment and placebo groups. A lower rate of new-onset or worsening diabetes mellitus was observed in the bempedoic acid arm compared with placebo (3.3% versus 5.4%; P=0.02), although there was a higher rate of gout (1.2% versus 0.3%; P=0.03).
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CLEAR Serenity Trial: What We Have Learned
In the present phase 3 trial, CLEAR Serenity, Laufs et al, in this issue of the Journal of the American Heart Association (JAHA), assessed the efficacy and safety of bempedoic acid in patients with hypercholesterolemia (LDL-C=155.6AE38.8 mg/ dL in the placebo group and 158.5AE40.4 mg/dL in the bempedoic acid group) who could not tolerate statin therapy. 15 Statin intolerance was defined as the inability to tolerate at least 2 statins, 1 at a low daily dose (rosuvastatin, 5 mg; atorvastatin, 10 mg; simvastatin, 10 mg; lovastatin, 20 mg; pravastatin, 40 mg; fluvastatin, 40 mg; or pitavastatin, 2 mg), because of an adverse event that began or increased on statin and resolved or improved when statin was discontinued. In this study, 345 patients were randomized 2:1 to either bempedoic acid, 180 mg, or placebo daily over a period of 24 weeks, with a primary end point of mean percentage change from baseline of LDL-C at 12 weeks. Both primary and secondary prevention patients were included with 2% of the patients having a history of heterozygous familial hypercholesterolemia. Approximately 8.4% were taking lowdose statin therapy, and one third were taking nonstatin therapies (ezetimibe or fish oil). At 12 weeks, treatment with bempedoic acid significantly lowered LDL-C, À21.4% (95% CI, À25.1% to À17.7%) more from baseline compared with placebo, with effect continuing through the duration for the study. Heterogeneity of effect was observed with diabetes mellitus status (P=0.012), with diabetic patients appearing to have less LDL-C reduction compared with nondiabetic patients at 12 weeks. Bempedoic acid also lowered nonhigh-density lipoprotein cholesterol (À14.8%), apolipoprotein B (À15.0%), and high-sensitivity C-reactive protein (À24.3%). Muscle-related adverse events occurred less frequently in the bempedoic acid group compared with placebo (12.8% versus 16.2%). However, when comparing the treatment arm with placebo, there appeared to be higher rates of overall adverse events (64.1% versus 56.8%), serious adverse events (6.0% versus 3.6%), and adverse events leading to treatment discontinuation (18.4% versus 11.7%) in the bempedoic acid group. There were a further 9 major adverse cardiovascular Figure. Therapeutic options in patients with confirmed statin-associated adverse effects. Therapies may be used alone or in combination on the basis of degree of atherosclerotic cardiovascular disease risk, amount of low-density lipoprotein cholesterol lowering desired, and patient preference. Where bempedoic acid falls within this schema will depend on findings of the ongoing cardiovascular outcome trial. BAS indicates bile acid sequestrant; FH, familial hypercholesterolemia; PCSK9, proprotein convertase subtilisin/ kexin type 9.
events (3.8%) that occurred in the bempedoic acid group compared with 0 events in the placebo group.
There is clinical need and potential for additional nonstatin LDL-C-lowering options for patients who cannot tolerate statin therapy, especially in the primary prevention setting, where there is currently less evidence on the efficacy that favors any of the nonstatin medications and where the costbenefit would likely preclude use of PCSK9 inhibitors. Meanwhile, the pairing of bempedoic acid with ezetimibe remains an intriguing regimen. Although LDL-C lowering in both medications is modest, their combined effect may, in theory, approach that of high-intensity statins and, thus, may also be an option in secondary prevention patients and patients with familial hypercholesterolemia unable to tolerate high-intensity statin therapy or those in whom further LDL-C reduction is desired. 16 Furthermore, both bempedoic acid and ezetimibe have been shown to lower high-sensitivity C-reactive protein. 7, 11, 13 The additional anti-inflammatory property could be advantageous when compared with PCSK9 inhibitors, which are powerful LDL-C-lowering agents but lack significant effect on inflammation. Thus, results of the CLEAR Serenity trial by Laufs et al 15 suggest that bempedoic acid has the potential to fill this niche. This potential, however, is built on the assumption that bempedoic acid can demonstrate efficacy and acceptable safety in its ongoing cardiovascular outcomes trial: CLEAR Outcomes (ClinicalTrials.gov Identifier: NCT02993406). A shared target pathway and mechanism of action between bempedoic acid and statin leads some credence to this assumption. Yet, outcome trial evidence will be invaluable to establish bempedoic acid as an effective, stand-alone, nonstatin agent. The CLEAR Serenity trial also raises questions about bempedoic acid. First, the baseline LDL-C levels in the study were high, which may exaggerate the percentage reduction of LDL-C. It is somewhat reassuring that previous phase 3 trials with the 180-mg/d dose, which had lower LDL-C baselines, showed a similar range in percentage reduction of LDL-C: 18.1% in the CLEAR Harmony trial (baseline LDL-C=102-104 mg/dL on a background of maximally tolerated statins) and 28.5% in the CLEAR Tranquility trial (baseline LDL-C=123-130 mg/dL on a background of ezetimibe). 13, 14 There was further a sizable percentage of premature discontinuation (24.8% in the bempedoic acid group versus 16.2% in the placebo group), which seems high for a study of this duration. Also, although the rate of muscle symptoms was observed to be lower with bempedoic acid compared with placebo (12.8% versus 16.2%), the percentage of discontinuation attributable to adverse events observed with bempedoic acid (18.4%) was higher compared with placebo (11.7%). Finally, the occurrence of 9 adjudicated major adverse cardiac events in the treatment arm compared with 0 in the placebo arm is concerning. As the authors pointed out, this may simply be a statistical anomaly as previous studies, including the phase 3 safety trial, did not show a treatment-related increase in cardiovascular events or mortality in the bempedoic acid group.
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In conclusion, the jury is still out on bempedoic acid. Although statins are generally well tolerated, adverse effects associated with statin therapy are not uncommon. As such, there remains a need for nonstatin agents, which will provide clinicians with more flexibility in the treatment of hypercholesterolemia and ASCVD. The biological rationale of bempedoic acid is sound, and contemporary results on its efficacy are favorable, especially when considering reduction in high-sensitivity Creactive protein and versatility when used in combination with ezetimibe or low-dose statin therapy. However, whether bempedoic acid reduces the risk of ASCVD events remains unproved, and the present study raises questions about the tolerability of bempedoic acid. Therefore, results of the CLEAR Serenity trial should be viewed with cautious optimism and further reinforce the importance of the ongoing cardiovascular outcome trial, both to clarify the clinical effectiveness of bempedoic acid and to soothe any concerns about its safety.
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